The skin aging process can be divided into intrinsic aging and photoaging. Damage to human skin due to repeated exposure to Ultraviolet (UV) radiation (photoaging) and damage occurring as a result of the passage of time (intrinsic aging) are considered to be distinct entities rather than similar skin aging processes. Photoaging of skin is caused by genetically determined or intrinsic processes superimposed upon the degenerative changes due to solar radiation.
The dermis contains predominantly type I and type III collagen, elastin, proteoglycans, and fibronectin. Since collagen fibrils and elastin are responsible for the strength and resiliency of skin, their disarrangement during photoaging causes the skin to appear aged. Recently, it was suggested that excessive matrix degradation by UV-induced MMP-1 secreted by various cells, including, keratinocytes, fibroblasts, and inflammatory cells, contributes substantially to the connective tissue damage that occurs during photoaging. [4] [5] [6] The expression of matrix metalloproteinase's (MMPs) proteins in the dermis of sun-exposed and sun-protected skin of elderly subjects is known to differ. 5) Photodamaged skin of the elderly shows higher MMP-1 protein expression, than the intrinsically aged skin in the same individual. 5) Thus, this resulting higher expression of MMP-1 in photoaged skin may cause severe collagen deficiency and wrinkling. MMPs are a family of zinc-dependent endoproteinases that play pivotal roles in the dynamic remodeling of extracellular matrix. Based on substrate preference and structural homology, MMPs are sub-classified into functional groups: collagenases, gelatinases, stromelysins, matrilysins, membrane typeMMPs (MT-MMPs) and other non-classified MMPs. 7) MMPs are frequently overexpressed by the various extracellular stimuli including growth factors, cytokines, tumor promoters, and UV, and this increase in MMP-related activities may be involved in the pathogenesis of diseases such as cancer and inflammation as well as in physiologic processes. 7, 8) It has been also reported that up-regulation of some MMPs is responsible for the enhanced degradation of dermal collagen during chronological and UV-induced skin aging. 4) With increasing age, collagen synthesis becomes lower and MMP-1 levels become higher in sun-protected human skin in vivo. 3) Therefore, the regulation of MMP activity might be a potential strategy for prevention and/or treatment of UV-induced skin damage. Styrax japonica SIEB. et ZUCC. is a member of the Styracaceae family, which is a shrub found in Central America, Mexico, and the Mediterranean region, including West, and South Anatolia.
9) The resin from this species has been used in traditional medicine to treat inflammatory diseases, 10) and was also used by Romans, Egyptians, Phoenicians, and Ionians as both incense, and a medicine.
11) An earlier investigation on the chemical constituents from the seeds or leaves of the Styrax species revealed them to be a rich source of benzofurans, 12) benzofuran esters, 13) benzofuran glycosides, 14) and sapogenins. 15) In an ongoing investigation into biologically active compounds from natural products, a methylene chloride soluble fraction of S. japonica showed significant MMP-1 expression inhibition in vitro. In this paper, we report a compound from the stems of S. japonica which inhibit MMP-1 expression and increased the type I procollagen expression in cultured primary human skin fibroblasts cause by UV-irradiation.
MATERIALS AND METHODS

Isolated Compounds from Styrax japonica
The airdried stem bark of S. japonica (654 g) was cut and extracted with methanol for 4 h (ϫ3) at 70°C. The methanol extract (120.3 g) was suspended in water and then partitioned by methylene chloride, ethyl acetate, and n-butanol in turn. The methylene chloride fraction (2 g) was subjected to column chromatography over a silica gel (210 g, 3.8ϫ68 cm) eluting with n-hexane : acetone (100 : 1→2.5 : 1, v/v) and CH 2 Cl 2 : MeOH (50 : 1→1 : 1, v/v) gradient system. Fractions were combined based on their TLC pattern to yield subfraction designated as C1-C7. Subfraction C1 (350 mg), C2 (180 mg), and C3 (230 mg) were recrystallized from n-
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hexane to afford oleanolic aldehyde acetate (1: 150 mg), 12) erythrodiol-3-acetate (2: 80 mg), 16) and euphorginol (3: 100 mg). 17) Subfraction C4 (190 mg) was further purified by column chromatography over a silica gel (135 g, 2.3ϫ55 cm) eluting with n-hexane-acetone (10 : 1, v/v) isocratic system to afford seven subfraction (C4.1-C4.7). Among these subfractions, C4.1 (71.7 mg) and C4.2 (52.7 mg) were combined and repeated column chromatography on Sephadex LH-20 (50 g, 1.8ϫ45 cm; MeOH-H 2 Oϭ83 : 17, v/v) and silica gel (100 g, 1.8ϫ45 cm; n-hexane : acetoneϭ25 : 1, v/v) to give anhydrosophoradiol-3-acetate (4: 55 mg), 18) respectively. 19) Compound was dissolved in 0.12 mM HCl (contain 0.01% dimethylsulfoxide) at 1 mM and stored at Ϫ20°C. Epigallocatechin-3-gallate (EGCG) was used as a positive control. Antioxidants, such as EGCG, vitamin C, and E inhibit the expression of MMP-1 in human skin fibroblasts. EGCG is a major constituent polyphenol in green tea and commonly used for preventing UV-induced adverse skin reaction such as sunburn and photoaging.
20)
Primary Human Skin Fibroblast Cell Culture and Cell Proliferation Assay Primary human foreskin dermal fibroblasts were established by outgrowth from biopsies of healthy donors of 3-12 years and cultured in Dulbecco's modified Eagle's media (DMEM) supplemented with glutamine (2 mM), penicillin (400 U/ml), streptomycin (50 mg/l), and 10% fetal calf serum (FCS) in a humidified 5% CO 2 atmosphere at 37°C. Cultured cells at passages 6-10 were used for the experiments. The fibroblasts were cultured until 90% confluency and then, subcultivated. Cells cultured after 5 passages were used for the experiments. For treatment, primary human skin fibroblasts were maintained on culture media without FBS for 48 h. Proliferation of cells was determined by the MTT assay, 21) which is based on the reduction of the soluble yellow MTT tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] to its blue insoluble MTT formazan product by mitochondrial succinic dehydrogenase. After componds or UV treatment, the cells (1ϫ10 5 cells/well) were cultured for the indicated days. The cells were washed with PBS, 200 ml of MTT (0.05 mg/ ml) was added to each well, and the cells were incubated for 4 h at 37°C. The supernatant was then removed, and 200 ml of dimethylsulfoxide was added to each well to dissolve the formazan product. Wells without cells were used as blanks. Absorbance was determined at 570 nm, spectrophotometrically, using an ELISA reader (TECAN, Salzburg, Austria). The results were expressed as the percentage of control cells in eight same culture conditions.
Luciferase Assay for Human MMP-1 Inhibitor Analysis For human MMP-1 promoter analysis, NIH3T3 cells were plated into 6-well plates at a density of 1ϫ10 5 /well. NIH3T3 cells were transfected with promoter reporter gene construct, which contain a promoter fragment from 2278 to 34 nucleotides of 5Ј-flankling sequence of the human MMP-1 promoter and extending to ϩ36 relative to the transcription start site, was constructed. 23) 24 h after incubated, the medium was changed for medium with or without 10, 100 mg/ml sample, and cell lysates were collected for the luciferase assay from 24 h later. The luciferase activities of the cell lysates were measured according to the manufacturer's recommendations (Applied Biosystems) UV Irradiation The UV light source was a F75/85W/ UV21 fluorescent sun lamps, having an emission spectrum between 285-350 nm (peak at 310-315 nm) as previously described. 22) A Kodacel filter (TA401/407; Kodak, Rochester, NY, U.S.A.) was mounted 2 cm in front of the UV tubes to remove wave lengths Ͻ290 nm (UV-C). The fibroblasts were grown in 10 cm culture dishes (Falcon, Lincoln Park, NJ, U.S.A.) until subconfluent. Subsequently, the cells were cultured in serum-free medium for 24 h, and the medium was replaced by 2 ml of phosphate-buffered saline. Then the cells were exposed to UV (0-100 mJ/cm 2 ) light. After irradiation (1 min 20 s) , the cells were washed with phosphate-buffered saline, and 72 h cultured in the serum free media with or without compounds.
Western Blot Analysis and Statistical Analysis Supernatant extract were centrifuged at 12000ϫg for 10 min at 4°C and used for western blot analysis. A monoclonal anti-MMP-1 antibody (Oncogen, Co., Boston, MA, U.S.A.) and monoclonal anti-type I procollagen aminoterminal extension peptide (SP1. D8) antibody (Developmental Studies Hybridoma Bank, Iowa City, IA, U.S.A.) were used as primary antibodies. Anti-mouse IgG-HRP conjugates was used as secondary antibodies. The antibody-antigen complexes were detected using the ECL system (Amersham Pharmacia Biotech; Little Chalfont, U.K.). To determine the amounts of MMP-1 (42/46 kDa) and type I procollagen (170-190 kDa) secreted into culture media, equal aliquots of conditioned culture media from an equal number cells were fractionated by 10% SDS-PAGE, transferred to Hybond ECL membrane. From membrane stain, validate of equal loading, Signal strengths were quantified using a densitometric program (TINA; Raytest Isotopenme gerate, Germany). Statistical significance was determined using the Student t-tests. Results are presented by meansϮS.E.M. All p values quoted are twotailed and were accepted as significant when p wasՅ0.05. The experiments were repeated at ten times per treatment (nϭ10).
RESULTS AND DISCUSSION
The methylene chloride extract had a MMP-1 expression inhibition effect; the MMP-1 expression level decreased to 74.62% at 10 mg/ml and 53.23% at 100 mg/ml compared with the control by human MMP-1 promoter analysis, activityfraction column chromatographies of a methylene chloride soluble fraction from the stems of S. japonica led to the isolation of compounds (oleanolic aldehyde acetate (1), erythrodiol-3-acetate (2), euphorginol (3), anhydrosophoradiol-3-acetate (4); Fig. 1 ). Compounds 1 and 4 exhibited potent cytotoxicity against human dermal fibroblasts (IC 50 : 0.84 mM (1), and 1.12 mM (4), respectively), and compounds 2, 3 did not showed cytotoxicity against the human dermal fibroblasts in the test dose (0.01-1) mM, ( # pϽ0.05 compared to the UV irradiated control) (Fig. 2) . To examine the effects of compounds 2, 3 on the expression of MMP-1 and type 1 procollagen in primary human skin fibroblasts, we exposed cultured human skin fibroblasts to 100 mJ/cm 2 using UV light, and measured the MMP-1 and type 1 procollagen levels at 72 h by western blot analysis. Human skin fibroblasts were treated with 0.01, 0.1, 1 mM for 72 h and then, the expression levels of MMP-1 and type I procollagen were determined in the culture media by western blot analysis. We have investigated the effects of erythrodiol-3-acetate (2) and euphorginol (3) on the MMP-1 and type 1 procollagen synthesis in DMEM media using primary cultured human fibroblasts cause by UV irradiation. Erythrodiol-3-acetate showed equal activity to positive control (EGCG), but euphorginol did not showed activity. We demonstrated that erythrodiol-3-acetate decreased the expression of MMP-1 and increased the expression of type 1 procollagen at the protein levels in a dose-dependent manner cause by UV irradiation of cultured human skin fibroblasts. To investigate the dose-dependent effects of erythrodiol-3-acetate (2), human skin fibroblasts were treated with various doses of erythrodiol-3-acetate for 72 h cause by UV irradiation. The type I procollagen protein regulation increased by 121.1Ϯ12% (pϽ0.05, nϭ10) at 0.01 mM, 175.4Ϯ11% (pϽ0.05, nϭ10) at 0.1 mM, and 223.7Ϯ12% (pϽ0.05, nϭ10) at 1 mM (Fig. 3) and erythrodiol-3-acetate treatment potential inhibited UV-induced MMP-1 protein levels to the control levels in a dose-dependent manner by 73.1Ϯ10% (pϽ0.05, nϭ10) at 0.01 mM, 62.3Ϯ13% (pϽ0.05, nϭ10) at 0.1 mM, and 53.2Ϯ11% (pϽ0.05, nϭ10) at 1 mM, compared with UV irradiated control (Fig. 4) . We investigated the effects of MMP-1 and type 1 procollagen caused by UV irradiation in human primary skin fibroblasts. Therefore, the regulation of MMP activity might be a potential strategy for prevention and/or treatment of UV-induced skin damage. 4) In conclusion, erythrodiol-3-acetate may be used for the treatment and prevention of skin aging processes by UV irradiation. 
